Effect of Experimental Pyelonephritis on the Renal Concentrating Ability of the Rat § by Beck, D. et al.
D. BECK*
L. R. FREEDMAN**
H. LEVITINt Department of Internal Medicine, Yale T.HF.LEVITN !University School of Medicine
T. F. FERRISf
F. H. EPSTEIN¶
EFFECT OF EXPERIMENTAL PYELONEPHRITIS ON THE RENAL CONCENTRATING
ABILITY OF THE RAT§
The intravenous injection of virulent staphylococci produces renal in-
fection in 75 to 100 per cent of normal rats.' The renal lesion persists for
many months and carries with it little mortality. This model is suitable for
the study of disturbances of renal function due to infection, since prior
ureteral obstruction or localized renal damage is not required.
The present experiments were undertaken to determine the effect of
experimental pyelonephritis upon renal concentrating ability and to cor-
relate this function with the histological and bacteriological findings.
METHODS
Group I. Long-term study
White male Sprague-Dawley rats weighing 160 to 260 grams were allowed free
access to Purina Chow and water except during the 24-hour period of food and water
deprivation associated with each test of maximum concentrating ability. Each of 20 rats
was inoculated with 0.5 ml. of an overnight culture of a hemolytic Staphylococcus
aureus (Giorgio strain). The inoculum contained 108 bacteria and was injected into
the tail vein. Seven rats served as controls.
Maximum urinary concentration (Umas) and blood urea nitrogen (B.U.N.) were
determined on five separate occasions at approximately monthly intervals. The first
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test was performed just prior to the inoculation of the organisms. Seven control rats
did not receive bacteria and were tested at similar intervals. After 32 weeks the
animals were sacrificed.
Group II. Short-term study
Eleven rats were inoculated wvith 4 x 107 bacteria after an initial test of maximum
concentrating ability and blood urea nitrogen. Along with six control rats they were
then tested twice more at approximately bi-weekly intervals. In this study, the food
intake of each of the control animals was limited to the average amount ingested daily
by the inoculated rats. The experiment was terminated after 51 days.
Bacteriological and pathological studies
At the time of sacrifice, using aseptic precautions, the kidneys were hemisected
longitudinally and inspected. Half of each kidney was homogenized and serially diluted.
Agar pour plates were prepared and incubated at 370 C. for 24-48 hours. The
remaining half kidney was placed in formalin for histological study. Bladder urine
was aspirated aseptically and a loopful streaked on blood agar plates.
Criteria of infection
Kidneys which were found to contain more than 100 colonies of staphylococci in
either half kidney or which elaborated infected urine were arbitrarily considered to be
"infected." Those having fewer than 100 colonies in either half kidney in addition to
a sterile urine were designated "non-infected."
The rats designated as "infected" were subdivided on the basis of quantitative
bacterial count. Those infected animals with more than 10' viable units in either half
kidney in addition to having a positive urine were further designated as "active."
Those with 108 colonies and a negative urine, or with less than 10' colonies and a
positive urine, were termed "healing."
Test procedure
Prior to a given test, food and water were withheld for 24 hours. After the first
nine hours, 50 milli-units of vasopressin in oil* were injected subcutaneously. The rats
were then placed in metabolism cages, and urine was collected for 15 hours in funnels
filled with mineral oil. One ml. of blood for B.U.N. was obtained from the rat's tail.
The volume of urine excreted in 15 hours was recorded. Osmolality of the urine was
determined with a Fiske osmometer. B.U.N. was measured by the microdiffusion
method of Conway.'
Group I. Long-term study (Table 1)
Of the 20 rats originally inoculated, 13 were infected. Of the 13 infected
rats, 6 had active infection and 7 had a healing lesion. The Uma., BUN
and total solute output (UosmV) for each monthly test are shown in
Table 1.
In the infected group there was a marked drop in maximum urinary con-
centration in the first study following the inoculation of bacteria (Table 1,
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test 2). In the animals with active infection, concentrating ability remained
impaired, whereas the Umax of the "healing" group, despite a similar initial
drop, gradually returned towards its original value. The BUN was not
significantly altered during the period of observation, and the total solute
output was not increased. The control rats had an initial Umax which was
low, possibly because these animals were smaller than the experimental rats
GROUP I PYELONEPHRITIS
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FIG. 1. Mean weight of the experimental and control rats of group I long-term
study.
(160 grams as compared with 260). Subsequently, however, these rats
maintained a Umax in the expected normal range. The weights for the 7
control and 13 infected rats are shown in Figure 1.
The "control" animals were not pair-fed and were smaller than the
experimental animals. The data from these controls serve then only to
demonstrate that ability to concentrate urine does not decrease with ad-
vancing age on the given diet. The critical studies here are those comparing
the infected and non-infected members of the inoculated group.
* Pitressin Tannate in oil was kindly supplied by the Parke-Davis Company.
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Group II. Short-term study (Table 2).
Of the 11 test rats, 5 were infected at the time of sacrifice. The infected
rats developed a significant decrease in Uma. which was even further de-
creased on the third test, 44 days after injection of bacteria. The pair-fed
TABLE 2. GRouP II. PYELONEPHRITIS. SHORT-TERM STUDY. 51 DAYS.
1 2 3
Test number (O Days) (23 Days) (44 Days)
Non-infected
(6 rats)
Umax mosm/Kg. 2319 ± 308* 2367 ± 343 2416 ± 112
p** n.s. n.s.
BUN mgms/100 ml. 24.2 ± 3.9 22.8 + 4.4 20.7 ± 2.4
p n.s. n.s.
UoumV mosm/15 hrs/100 gm. 2.26 ± 0.56 2.99 + 1.29 2.48 ± 0.97
p - n.s. n.s.
Infected
(5 rats)
Umax mosm/Kg. 2750 217 1889 + 402 1597 + 283
p - < 0.005 < 0.001
BUN mgms/100 ml. 25.2 ± 2.8 25.0 + 3.1 19.8 + 2.5
p - n.s. < 0.005
Uo.m Vmosm/15 hrs/100 gm. 1.87 ± 0.46 2.83 + 0.69 2.50 + 0.09
p - < 0.05 < 0.05
Control pair-fed
(6 rats)
Umax mosm/Kg. 2727 ± 189 2073 ± 451 2538 + 262
p < 0.01 < 0.05
BUN mgms/100 ml. 21.3 ± 3.5 19.4 + 2.1 17.9 ± 2.8
p n.s. n.s.
U.smV mosm/15 hrs/100 gm. 2.14 + 0.31 2.2 ± 0.29 1.83 + 0.11
p n.s. <0.05
* Mean ± standard deviation.
**p value is for each test compared with test 1.
controls, restricted in their food intake, developed a less marked but
significant drop in Umax at the time of the second test which returned
towards the original value two weeks later in the third test. Unlike the in-
fected animals, however, the Umax of the non-infected rats was unchanged.
Those non-infected rats which ate well consistently weighed more than the
infected rats and had no change in concentrating ability. Solute excretion
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increased slightly, and the BUN was unchanged except in the last examina-
tion of the infected group where the BUN was noted to be lower. The
weight curves for this group are shown in Figure 2.
DISCUSSION
Staphylococcal pyelonephritis in the rat is associated with a marked de-
crease in maximum urinary concentrating ability. The initial impairment
of concentrating ability can be partially attributed to a decrease in food
GROUP I PYELONEPHRITIS
GROWTH CURVES (MEAN WEIGHTS)
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FIG. 2. Mean weight of the experimental and control rats of group II short-term
study.
intake as well as to the presence of active infection in the kidney. With re-
covery from the acute effect of bacteremia and the restoration of normal
food consumption, as reflected by the gain in weight shown in Figure 1,
the factor of inadequate protein intake, known to influence concentrating
ability," no longer can account for the observed changes in Umax,. Renal
function, as judged by maximum concentrating ability, then depends on
the subsequent course of the infection; healing is associated with a return
of function, whereas persistent active infection, in spite of adequate food
intake, continues to impair concentrating ability.
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The changes in concentrating ability can not be attributed to changes in
blood urea nitrogen or solute output in group I. The increased excretion
of solute noted in the infected rats of group II did not exceed the value
observed in the non-infected rats. These facts suggest that the decrease in
Umax was not due to a change in glomerular filtration rate or to a solute
diuresis.
Similar observations have been made in patients with urinary tract in-
fection. In children, Winberg' found concentrating ability to be impaired
while creatinine clearance remained normal. After appropriate antimicrobial
therapy his patients improved their ability to concentrate urine. Kaitz5 also
reported diminished concentrating ability in patients with asymptomatic
bacteriuria in the presence of a normal creatinine clearance.
The low BUN in the infected rats of the short-term study might be
interpreted as indicating an increase in renal blood flow and glomerular
filtration rate, a response which has been observed in man during acute
renal infection and in response to pyrogens.7 The correlation of renal con-
centrating ability with the stage of infection suggests that impairment of
function is related to some consequence of the presence of bacteria within
the kidney. Much of the destruction of renal tissue which is apparent on
histological examination of kidneys during the acute stage of infection
appears to be irreparable.' Since the disturbance in renal concentrating
ability is at least partially reversible, it would seem that disturbances of
blood flow or impairment of the function of neighboring medullary tubular
cells was responsible for the temporary decrease in concentrating capacity
observed in rats of the present experiments. Proportional to its size, a
given area of inflammation in the tiny pointed papilla of the rat kidney is
likely to disturb renal function to a much greater degree than if it were
located in the larger cortical zone of the kidney. A function of the renal
medulla, such as concentrating ability, might therefore be expected to
undergo disproportionate and reversible impairment when inflammation is
located in the medullary zone.
It is conceivable that recovery of function has little to do with subsidence
of inflammation but rather with compensatory hypertrophy of remaining
nephrons. If this were the case, then failure of recovery in a kidney with
persistent infection would suggest interference with this hypertrophy by in-
fection. Such interference would have important implications but for the
moment remains unproved. Clearly, any study of the effect of pyelone-
phritis on renal function must include consideration of the status of bac-
terial infection within the kidney.
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SUMMARY
1. Pyelonephritis was produced in rats by the intravenous injection of a
virulent strain of Staphylococcus aureus.
2. There is a marked decrease in maximum concentrating ability which,
in the presence of active infection, persists beyond the initial period of
inadequate food intake.
3. The decrease in concentrating ability does not seem to be due to an
alteration in glomerular filtration or solute output.
4. Restoration of concentrating ability accompanies the healing process.
5. It is suggested that the observed impairment of concentrating ability
was due in part to the consequences of renal inflammation rather than
solely to destruction of nephrons.
REFERENCES
1. Freedman, L. R., Werner, A. S. Beck, D., ond Paplanus. S.: Experimental
pyelonephritis. IX. The bacteriological course and morphological consequences
of staphylococcal pyelonephritis in the rat, with consideration of the specificity
of the pathological changes observed. Yale J. Biol. Med., 1961, 34, 40-51.
2. Conway, E. J.: Microdiffusion analys'is and volumetric error. 3d ed. London,
Lockwood, 1950.
3. Hendrikx, A. and Epstein, F. H.: Effect of feeding protein and urea on renal
concentrating ability in the rat. Amer. J. Physiol., 1958, 195, 539-542.
4. Winberg, J.: Renal function studies in infants and children with acute, non-
obstructive urinary tract infections. Acta Paediatr., Stockh., 1959, 48, 577-589.
5. Kaitz, A. A.: Urinary concentrating ability in pregnant women with asymptomatic
bacteriuria. Clin. Res., 1960, 8, 229.
6. Michie, A. J., Michie, C. R., and Ragni, M. C.: Kidney function in unilateral
pyelonephritis. II. Physiologic interpretations. Amer. J. Med., 1957, 22,
179-196.
7. Lathem, W.: The urinary excretion of sodium and potassium during the pyrogenic
reaction in man. J. clin. Invest., 1956, 35, 947-953.
59